Introduction
For many years it was assumed that the only inhibitory control of mammalian gastrointestinal smooth muscle is exerted by adrenergic sympathetic nerve fibres. It was only recently realized that a second type of inhibitory neurone of parasympathetic or intrinsic origin innervates the gut (see, for example, Burnstock, Campbell, Bennett & Holman, 1964; Holman & Hughes, 1965; Martinson, 1965;  Bennett, Burnstock & Holman, 1966; Burnstock, Campbell & Rand, 1966) . This type of nerve fibre is not cholinergic, nor is it adrenergic, as is shown by the combined results of pharmacological, electrophysiological and histochemical studies (Camp-bell, 1970) . However, as yet, no evidence has been presented to show what transmitter substance is released by these inhibitory nerves. Experiments designed to determine the nature of the inhibitory transmitter substance are reported in this paper. The approach used is that which Loewi (1921) applied to the cardiac vagus, namely stimulation of the nerve supply to a perfused organ and examination of the perfusate for substances which mimic the nerve action. A brief report of part of the study has already been made (Satchell, Burnstock & Campbell, 1969) .
Methods

Nutrient media
Isolated preparations from toads were perfused with McKenzie's solution (Campbell, Burnstock & Wood, 1964) kept at room temperature. Mammalian preparations were perfused with or mounted in a modified Krebs solution (Bulbring, 1953) kept at 350 C. Preparations of Auerbach's plexus isolated from turkey gizzards were placed in the medium described by Ginsborg (1960) kept at 380 C. All media were bubbled with a mixture of 95% oxygen and 5% carbon dioxide.
Preparations
For tests of the biological activity of perfusates or of known purine and pyrimidine derivatives the following isolated preparations of mammalian gut were suspended as strips or as Magnus preparations: guinea-pig stomach, ileum, taenia coli and colon; rabbit stomach, ileum and colon; rat stomach, duodenum and colon; mouse ileum and colon. To test the effects of stimulation of extrinsic sympathetic or intramural nerves, preparations of guinea-pig taenia coli and rabbit ileum were set up as described by Burnstock et al. (1966) and Holman & Hughes (1965) respectively. In all these experiments, the Krebs solution contained hyoscine (10-7 to 10-6 g/ml). Muscle activity was recorded either with an isotonic lever writing on a smoked drum or with Grass FT 0 03 tension transducers recording on a Gilson polygraph. Grass S5 stimulators were used to deliver rectangular pulses for nerve stimulation, as described in the text.
Isolated preparations of guinea-pig stomach-vagus nerves and of toad stomachvagosympathetic nerves were perfused via the coeliac artery for 20 min to remove traces of blood. The preparations were then placed in small chambers and 2 5 ml of nutrient medium was recycled through each preparation for 30 min, using the apparatus shown in Fig. 1 . Electrical stimuli were applied to the nerves via platinum ring electrodes shielded in plastic. Some preparations of toad stomach were dissected to allow stimulation of either the intracranial portion of the vagus nerves or the cervical sympathetic contribution to the vagosympathetic trunks. Effects of AIP on the perfused toad stomach were recorded with an intraluminal catheter connected to a water manometer, recording on a smoked drum.
Gizzards were obtained from freshly killed turkeys and approximately 200 mg of Auerbach's plexus was dissected from the margins of four large gizzards. The tissue was weighed into two 100 mg portions. Each portion was placed in a small bath containing 0-6 ml of oxygenated nutrient medium at 380 C. The test bath contained platinum wire electrodes which were used to apply stimuli to the preparations.
Purification of perfusates
In the initial stages of the study, gastric perfusates were concentrated by freezedrying and subjected to paper chromatography. Developed chromatograms were divided into areas which were eluted by shaking with water; the eluates were concentrated and tested for pharmacological activity on guinea-pig taenia coli preparations. Following the location of an inhibitory fraction and its identification as a purine nucleoside, optimum yields of the compound were obtained by making the perfusates 3% with respect to perchloric acid and shaking them with activated charcoal (0 5 mg/ml extract) for 1 hour. The charcoal was then centrifuged down and washed once with distilled water; the purines were recovered by suspending the charcoal in 10% aqueous pyridine solution at 370 C for 3 hours. Solutions were concentrated by freeze-drying, applied to Whatman No. 1 chromatography paper and run for 12 h in ascending solvents, either (1) n-butanol, acetic acid, water (120:30:50) or (2) iso-butyric acid, water, 0-880 ammonia, 0 1 M versene (100:55-8:442:1-6).
Millipore filter FIG. 1. Diagram of apparatus used for closed-circuit perfusion of stomach preparations. A small volume (2-5 ml) of nutrient solution is pumped by the roller pump through a cannula into the coeliac artery. Fluid draining from the gastric veins collects in the bottom of the constant temperature organ bath where it is bubbled with 95% oxygen and 5% carbon dioxide. The fluid is then drawn through a Millipore filter to be recycled. Shielded platinum wire ring-electrodes are placed around the vagus nerves for stimulation. Drugs Drugs used were adenine, adenosine, adenosine-5'-monophosphate disodium salt (AMP), adenosine-5'-diphosphate trisodium salt (ADP), adenosine-5'-triphosphate disodium salt (ATP), adrenaline bitartrate, caffeine, inosine, inosine-5'-monophosphate disodium salt (IMP), guanosine-5'-monophosphate disodium salt (GMP), hyoscine hydrobromide, noradrenaline bitartrate, quinidine sulphate, quinine sulphate, tetrodotoxin, uridine, uridine-5'-monophosphate disodium salt (UMP), 2, 6-xylenol.
All concentrations are expressed in terms of the forms given above.
Results
Release of inhibitory substances on nerve stimulation The best established approach to determining the nature of a transmitter substance released by a particular set of nerves is that used initially by Loewi (1921) in his discovery of " Vagusstoff ". The nerve supply to a perfused organ is stimulated and the perfusate is examined for the presence of biologically active material which mimics the effects of nerve stimulation. This approach was applied to the nonadrenergic inhibitory innervation of the stomach.
Release of inhibitory material from the stomach. Non-adrenergic inhibitory nerves are present in the vagal supply to the stomach of both guinea-pigs (Campbell, 1966b) and toads (Campbell, 1969) , the organs which were chosen for study. Initial experiments were carried out on perfused toad stomachs; the vagosympathetic nerve trunks were stimulated for 45 s in every 2 min with pulses of 2 ms duration at 30 Hz. Over the 30 min collection period the stimulus voltage was raised progressively from 5 to 40 V. As controls, preparations taken from animals of similar weight were perfused for 30 min without nerve stimulation. The biological activity of perfusates from stimulated and non-stimulated stomachs was tested on atropinized preparations of guinea-pig taenia coli; the perfusate from stimulated stomachs caused relaxation whereas the perfusate from non-stimulated preparations was not effective.
Inhibitory activity was found in only one area of the paper chromatogram with an (Wood, 1955) carried out four times on toad stomachs with similar results. In addition, two comparisons were made between perfusates from guinea-pig stomachs stimulated via the vagus nerves or not stimulated. Vagal stimulation caused an increase in the release of adenosine and inosine, comparable to that seen in the toad stomach.
Source of the nucleoside efflux on stimulation. Both the vagosympathetic trunk of the toad and the guinea-pig vagus nerve are mixed nerves, containing both nonadrenergic inhibitory and cholinergic excitatory nerve fibres. It was not possible in the above experiments to determine which type of nerve fibre was causing the release of nucleosides. However, the toad vagus nerve proper, accessible as the intracranial vagal roots, provides only the non-adrenergic inhibitory innervation of the stomach; the cholinergic innervation may be stimulated separately in the cervical sympathetic contribution to the vagosympathetic trunk (Campbell, 1969) . To solve the problem of which type of nerve fibre mediates the nucleoside release, a further four chromatographic comparisons were carried out. In two experiments, perfusate from nonstimulated preparations was compared with perfusate from stomachs stimulated via the vagus nerve roots of one side. In the other two experiments, the cervical sympathetic trunk was stimulated. Stimulation was for 45 s every 2 min at 10 Hz and 10 V throughout the period of collection. Stimulation of the intracranial vagal roots caused a marked increase in the amounts of adenosine and inosine released. In contrast, stimulation of the cervical sympathetic chain did not increase the release of nucleosides; in fact, it appeared that slightly less nucleoside was released during sympathetic stimulation, an observation which might be explained by changes in regional perfusion. It is clear that the nucleoside release is a specific result of stimulating the non-adrenergic inhibitory nerves.
Nucleotide release from isolated Auerbach's plexus. The results described above, while indicating that activity in non-adrenergic inhibitory nerves causes an increased nucleoside efflux, do not indicate the source of the nucleoside. It was possible that the nucleosides were released from the gastric muscle as part of the response to the inhibitory nerves, or that stimulation had opened new perfusion channels and freed entrapped blood cells containing nucleosides. To clarify this problem, the effect of electrical stimulation on the release of purine compounds from isolated portions of Auerbach's plexus was determined.
Auerbach's plexus in the mammalian gut is too fine and too firmly buried in the muscle layers for isolation. However, the plexus in the gizzard of birds is concentrated in a thick layer on the margins lying just beneath the serosa (Malinovsky, 1963) . This plexus must contain a considerable number of non-adrenergic inhibitory neurons to provide the dense innervation of the gizzard musculature by these nerves, demonstrated by Bennett (1969) . To study the release of purine compounds from stimulated inhibitory nerves in the absence of muscle and vascular sources of ATP, pieces of thick lateral enteric plexus were dissected from the gizzard of turkeys, as described under Methods. Purines were isolated from the nutrient media by adsorption on activated charcoal and chromatography as described for gastric perfusate.
The resting isolated plexus did not release detectable amounts of any purine nucleotide or nucleoside into the medium. However, when the isolated plexus was stimulated with pulses of 2 ms at 50 Hz for 45 s every 2 min, the medium collected after 30 min contained an appreciable amount of AMP and also traces of ATP and ADP (Fig. 3) . Both the resting and the stimulated nerve preparations, extracted with perchloric acid after the experimental period, were found to contain considerable quantities of ATP, ADP and AMP.
Breakdown of ATP in stomach preparations As shown above, adenosine and inosine were released from stimulated stomachs of toad or guinea-pig whereas the main purine compound released on stimulation from isolated Auerbach's plexus of the avian gizzard was AMP. These results might indicate that the inhibitory nerves act by releasing AMP, which is broken down by gastric tissues to adenosine and inosine. However, the possibility arises that the AMP coming from the plexus represents a release of ATP which is broken down either by the conditions of incubation or by ATPase in the plexus. To determine whether such a breakdown of ATP does occur in the stomach, ATP was added to 2 5 ml of nutrient solution which was recycled through the toad stomach vasculature for 30 min. Figure 4 shows an ultraviolet photoprint of the chromatographed perfusate. It can be seen that the ATP added to the perfusate was converted to adenosine, inosine and a trace of adenine. This result implies that, if the inhibitory transmitter substance were ATP, it would be degraded to the nucleosides which are found in perfusates of stimulated preparations. However, the result cannot be taken as evidence against the role of AMP as the transmitter substance.
Actions of applied purine and pyrimidine derivatives In the previous section it was shown that stimulation of the non-adrenergic inhibitory nerves is associated with the release of purine derivatives. To determine whether any of these compounds could act as an inhibitory transmitter substance, a study was made of the actions of purine and pyrimidine derivatives on gut muscle. Relative inhibitory potencies. The inhibitory action of the purine nucleoside adenosine on mammalian gut muscle was first shown by Drury & Szent-Gyorgi (1929) . Barsoum & Gaddum (1935) reported that adenosine had inhibitory actions on the gut of a variety of mammals, birds and amphibians. Some other nucleosides and nucleotides were also found to relax the gut (Drury, 1936) . If any compound of this group were the non-adrenergic inhibitory transmitter substance, it would probably have a relatively strong inhibitory potency. Accordingly, the potencies of a range of naturally-occurring purine and pyrimidine compounds in causing relaxation of the guinea-pig isolated atropinized taenia coli were examined.
The results of the study are closely comparable with those reported for the same tissue by Axelsson & Holmberg (1969) . The most potent inhibitory compounds tested were ATP and ADP; these compounds were about equipotent and the threshold concentration for causing relaxation was about 1O-7M (Fig. 5) . Typically, the relaxation caused by ATP or ADP reached its maximum more rapidly than did relaxations induced by catecholamines (Fig. 6) . In a comparable manner, the taenia often contracted back to normal tone more rapidly after ATP or ADP was washed from the bath than after catecholamine responses. In these respects the nucleotide effects are reminiscent of the response of the taenia to non-adrenergic inhibitory nerve stimulation, which has been shown previously to be more rapid in onset and offset than responses to adrenergic nerve stimulation . Both AMP and adenosine were about 100 times less potent than ATP in causing relaxation of the taenia, acting above a threshold concentration of about 10-5M. The relaxations caused by these compounds were rather slow in onset. The purine base adenine, the deaminated nucleoside inosine and its mononucleotide IMP, had no effect on the taenia in concentrations as high as 10-3M. However, the related mononucleotide GMP caused relaxation when applied in concentrations greater than about 3 x 10-5M (compare Axelsson & Holmberg, 1969) . The pyrimidine nucleoside uridine and its mononucleotide UMP were without effect in concentrations up to 10-3M. It can be seen that, of this group of compounds, ATP and ADP are most likely to be able to act as a transmitter substance in view of their high inhibitory potencies.
Site of action of ATP. Nicotinic stimulant drugs appear to cause relaxation of gut muscle by stimulating the non-adrenergic inhibitory neurones within the gut wall . The possibility arises that ATP might also cause relaxation of the gut indirectly, acting via inhibitory nerves. To test this, the effects of tetrodotoxin on ATP responses were studied. It was found that tetrodotoxin (2 x 107 g/ml) abolished the inhibitory responses of the atropinized taenia coli to stimulation of either perivascular or of intramural nerves without affecting the relaxation produced by ATP (Fig. 7) . This result shows that the inhibitory effect of ATP is not caused by the initiation of action potentials in inhibitory nerves, although the possibility still remains that ATP has a " tyramine-like " action-that is, it releases an inhibitory transmitter substance by displacement from transmitter stores without initiating neuronal action potentials (Bell, 1968) .
Effects of ATP on selected gut segments. If the inhibitory transmitter substance is a nucleoside or a nucleotide, the compound must be able to induce relaxation of all gut segments innervated by non-adrenergic inhibitory nerves. A study was therefore made of the effects of ATP, as one of the most potent compounds in this group, on the following tissues known to contain non-adrenergic inhibitory nerves: guineapig stomach circular muscle (Campbell, 1966b) , ileum (Holman & Hughes, 1965) and descending colon (Holman & Hughes, 1965; Furness, 1969) ; rabbit stomach circular muscle (Paton & Vane, 1963) , ileum (Holman & Note that the ATP response reaches its maximum after 19 s whereas the response to noradrenaline takes 28 s to become maximal. Time marker, 1 minute. Warren, 1968) and descending colon (Holman & Hughes, 1965; Furness, 1969) ; rat gastric fundus (Heazell, 1969) , ileum and colon (Holman & Hughes, 1965) ; mouse duodenum and colon (Holman & Hughes, 1965) ; toad (Bufo marinus) stomach (Campbell, 1969) . The gut segments were mounted either as strips with the mucosa dissected off or as Magnus preparations. Contractions of the salineperfused isolated toad stomach were recorded by means of an intraluminal catheter. All media contained hyoscine (10-s g/ml).
ATP (10-6 to 10' g/ml) caused relaxation of all twelve gut segments tested (Table 1 ). The inhibitory responses to ATP were complicated by excitatory actions which were of two types. Preparations indicated as having only inhibitory responses to ATP often showed a contraction or a period of increased spontaneous activity after the ATP had been washed from the organ bath. Similar, but generally smaller, contractions occurred after inhibitory concentrations of noradrenaline had been washed out (Fig. 8a) and it is thought that the contraction is a 'rebound' phenomenon, as proposed for nerve-mediated responses of the taenia coli (Bennett, 1966; Campbell, 1966a) , and not a direct response to ATP. The second type of excitatory action of ATP occurred while the nucleotide was still present in the organ bath and is regarded as a direct excitatory effect. In the rat gastric fundus strip preparation, all effective concentrations of ATP caused a relaxation followed by a contraction before the organ bath was washed out (Fig. 8b) . The perfused toad stomach responded to intravascular ATP with either contraction or relaxation in different preparations; occasionally a brief contraction preceded the relaxation (Fig. 8c) . There was no obvious relationship between the concentration of ATP infused and the type of response seen. In the remaining three preparations showing an excitatory response to ATP, the guinea-pig ileum, the rabbit stomach and the mouse colon, contractions tended to occur only when high concentrations of ATP were applied. The preparations of guinea-pig ileum and rabbit stomach commonly had low tone. In these preparations low concentrations of ATP had no effect and high concentrations caused contraction; in preparations with raised tone, the lower concentrations were seen to cause relaxation (Fig. 8d, e) . It should be noted that similar dual effects of ATP on gut segments have been reported previously. For instance, adenine compounds have been reported to contract (Brecht & Epple, 1952) or relax (Malchikova & Poskonova, 1969 ) the amphibian stomach, and to excite (Buchthal & Kahlson, 1944; Naess & Schanche, 1957) or inhibit (Barsoum Preparations treated with hyoscine (10-6 g/ml). (a), Guinea-pig isolated taenia coli. Both noradrenaline (NA, 2x l0-7 g/ml) and ATP (ATP, 10-5 g/ml), applied for 15 s (bars) caused relaxation, followed by a secondary " rebound " contraction when the drugs were washed from the organ bath. (b), Isolated rat gastric fundus strip. ATP (10-6 g/ml), applied for 1 min between arrows, caused an initial slight relaxation followed by a contraction while the drug was still in the organ bath. (c), Isolated, Ringer-perfused toad stomach. ATP (2-5xlO-7 g/ml in perfusate), applied for 6 min between the arrows, caused a slight initial rise followed by a marked fall in intragastric pressure. (d), (e), Guinea-pig isolated ileum. In a low-tone preparation (d) ATP (10-5 g/ml) applied for 60 s (bar) was without effect. A higher concentration (10-4 g/ml) caused contraction. (e), When the preparation was contracted with histamine (H, 6-5 x 10-8 g/ml, applied between arrows), ATP 10-4 g/ml still caused contraction but 10-5 g/ml caused a brief relaxation. Time markers, 5 minutes. The time marker for (a) also refers to (d) to a-and f-adrenoceptors.
Blockade of the inhibitor) action of A TP
If the non-adrenergic inhibitory nerves act by releasing ATP, any procedure which prevents responses to ATP should also inhibit transmission from the inhibitory nerves to smooth muscle.
Substances which prevent A TP actions. A variety of compounds have been reported to antagonize the actions of adenosine or ATP on gut muscle and other tissues. We have tested the actions of some of these compounds on the guinea-pig atropinized taenia coli. Caffeine has been reported to antagonize ATP-induced inhibition of the rabbit small intestine (Nichols & Walaszek, 1963) . However, caffeine, in concentrations as high as 5 x 10-5 g/ml, did not affect relaxations of the taenia coli induced by ATP (2x 10-6 g/ml) or by perivascular or transmural stimulation of adrenergic or non-adrenergic nerves respectively. At a concentration of 10-i g/ml, caffeine lowered the tone of the muscle considerably but did not have any selective blocking action on the responses.
Quinine was reported to antagonize the relaxing effects of adenosine on the fowl rectal caecum (Madinaveitia & Raventos, 1949) but in concentrations up to 10-g/ml quinine had no effect on responses of the taenia coli to ATP or to stimulation of adrenergic or non-adrenergic inhibitory nerves. Similarly, 2,6-xylenol (2 x 10-5 g/ml), a phenol reported to antagonize ATP-induced pulmonary vasoconstriction (Lunde, Waaler & Wall0e, 1968) , was without effect on the inhibitory responses of the taenia coli.
More encouraging results were obtained with quinidine, a drug shown to block the inhibitory effects of ATP on the rabbit ileum (Bowman & Hall, 1970) . Quinidine
(1-5 x 10-5 g/ml) reduced or abolished the effects of adrenaline or noradrenaline (10-8 to 10-' g/ml) and of perivascular adrenergic nerve stimulation on the taenia coli, usually without reducing responses to ATP (l0o6-2 x 10-5 g/ml) or to transmural stimulation of the non-adrenergic inhibitory nerves (Fig. 9a, b) . When the concentration of quinidine was raised to 2 x 10 -g/ml, the responses to both ATP and stimulation of non-adrenergic inhibitory nerves were consistently reduced and occasionally they were abolished (Fig. 9c) . At a concentration of 3 x lO`g/ml, quinidine impaired the activity and tone of the taenia.
Tachyphylaxis to A TP. It has been reported that the inhibitory action of ATP on the rabbit ileum shows marked tachyphylaxis (Mihich, Clarke & Philips, 1954; Kim, Shulman & Levine, 1968) . Attempts were made to produce tachyphylaxis to ATP in the guinea-pig taenia coli but no desensitization was ever seen. However, ATP tachyphylaxis could readily be achieved in segments of rabbit ileum. Rabbit ileum desensitized to high concentrations of ATP showed very low tone and irregular spontaneous activity, and these effects were partially counteracted by increasing the Ca2+ concentration of the medium 2-4 fold (Burn & Gibbons, 1964) .
Almost complete desensitization of the rabbit ileum to any particular dose of ATP could be achieved by repeatedly adding the dose to the organ bath at 3-5 min intervals without washing out the bath. Six Finkleman preparations of ileum were desensitized to ATP (10-5 g/ml, four preparations; 10-' g/ml, two preparations) without any reduction of the inhibitory response to perivascular adrenergic nerve stimulation (Fig. lOc, d ). In one further preparation, the perivascular nerve effects were abolished after the muscle had been desensitized to ATP (10-5 g/ml) and the response was partially restored when the stimulating voltage was increased. This result suggested that ATP might act as a local anaesthetic drug. To test this, the perivascular adrenergic innervation of two preparations was stimulated with alternate bursts of pulses of submaximal and supramaximal voltage; in neither preparation did desensitization to ATP (10-; g/ml) cause an appreciable reduction of the responses.
The effect of ATP desensitization on the non-adrenergic inhibitory innervation was tested on transmurally stimulated preparations in which adrenergic transmission had been prevented by treatment with guanethidine (5 x 10-6 g/ml, four preparations) or by degenerative section of the perivascular innervation 6 days previously (one preparation). When desensitization to ATP (10-s g/ml) had been achieved, the inhibitory response to transmural stimulation was abolished in three of the preparations (Fig. lOa, b ) and was reduced in the remaining two. Increasing the desensitizing dose of ATP to 10-g/ml in the latter two preparations caused an abolition of the response to stimulation in one case, although it did not reduce the response any further in the other. It seems clear that when the rabbit ileum was desensitized to ATP, there was a selective reduction of the inhibitory effects of the non-adrenergic innervation.
Discussion
In this paper the nature of the transmitter substance released by the non-adrenergic inhibitory nerves supplying gastro-intestinal muscle has been examined. The results suggest that either ATP or some closely related compound is involved. The following criteria, based on the summary given by Eccles (1964) stance: ATP and the enzymes necessary for its formation must be present in the inhibitory nerves; ATP must be released from the nerves when they are activated; ATP and the transmitter substance released on nerve stimulation must have the same effect on gastro-intestinal muscle; an enzyme which inactivates ATP should occur in the tissue; drugs which are found to alter the normal nerve-muscle transmission should similarly alter the effects of applied ATP. We shall examine the extent to which these criteria have been satisfied.
Formation and storage of ATP. With regard to the formation and presence of ATP within the non-adrenergic inhibitory nerves, little need be said. Both ATP and enzymic systems which can produce ATP have been found in all cellular tissues examined. It would, therefore, be surprising to find that the inhibitory nerve fibres were unable to produce and retain ATP. The critical question is whether ATP is stored in the nerve terminals in such a way that it can be released during nerve activity. The most obvious approach to this question would be to try to isolate an ATP-storing granular fraction, comparable with 'synaptic vesicles', from tissues containing the non-adrenergic inhibitory nerves.
Evidence has been presented recently that large granular vesicles found predominantly in some axon profiles in the toad lung are associated with the nonadrenergic inhibitory transmitter substance (Robinson, McLean & Burnstock, 1970) . Comparable vesicle composition has been described for axon profiles in the gut of both toad (Rogers & Burnstock, 1966) and mammals (Bennett & Rogers, 1967 ). An attempt to isolate and identify this vesicular fraction is being carried out.
Release of ATP. The second criterion for ATP, or a related compound, as the transmitter substance has been satisfied, since it has been shown that stimulation of the vagal non-adrenergic inhibitory nerves of the stomachs of both toads and guineapigs causes an increase in the venous efflux of adenosine and inosine from these organs. As is discussed below, the adenosine and inosine released are likely to be products of the breakdown of adenosine nucleotides. The efflux of nucleosides from the guinea-pig stomach could conceivably have resulted from stimulation not of the non-adrenergic inhibitory innervation but of the cholinergic excitatory fibres which run in the vagus (Greeff & Holtz, 1956 ). However, this problem does not arise in the studies on the toad stomach. The vagal innervation of the toad gastric muscle is solely of the non-adrenergic inhibitory type (Campbell, 1969) (Douglas, 1968) . Finally the nucleotide might have been released not from the non-adrenergic inhibitory nerves, but from antidromically-stimulated sensory nerve fibres in the vagus nerve (Holton & Holton, 1954) .
Two lines of argument indicate that the increased nucleoside efflux is not due simply to the release of ATP from nerve membranes, an event which is claimed to occur as any excitable membrane undergoes the permeability changes responsible for the action current (Abood et al., 1962 (Bennett, 1969) (1969) has been unable to find evidence of ATP release from the spleen when the adrenergic nerves are stimulated. He expressed the belief that catecholamine release from neuronal stores is qualitatively different from release of adrenal medullary amines (Douglas, 1968) . Second, if the release of nucleoside reported here represents the storage-ATP for the true inhibitory transmitter substance, it might be expected that the substance would be found in the perfusates after nerve stimulation. In fact, inhibitory activity was found in only one region of chromatograms of the gastric perfusates, and this activity could be attributed to the nucleosides found in the region.
It is not likely that the nucleoside efflux from the stomach is derived from ATP released from antidromically stimulated afferent neurones in the vagus nerve. Holton (1959) showed that ATP is released from mammalian afferent dendritic terminals in concentrations sufficient to cause regional vasodilatation. If the gastric adenosine were derived from this source, it would be expected that some sign of the pharmacological action of the released ATP on the stomach should appear. In fact, the fibres in the vagal trunk mediating gastric inhibition are preganglionic, and therefore efferent, in both guinea-pigs (Bulbring & Gershon, 1967; Ohga, Nakazato & Saito, 1969) and toads (Campbell, 1969) , and no effects on motility attributable to the antidromic stimulation of vagus sensory fibres have been observed.
Effects of ATP on gastro-intestinal muscle. It has been shown that ATP and the transmitter substance released from the non-adrenergic inhibitory nerves have similar actions on gut muscle. In each of twelve different gut segments, all of which have previously been shown to contain non-adrenergic inhibitory nerves, taken from guinea-pigs, rabbits, rats, mice and toads, ATP was found to have inhibitory actions. By using tetrodotoxin, it was established that ATP does not exert its inhibitory action indirectly, either by stimulating the non-adrenergic or the adrenergic inhibitory innervation. The story is complicated by the fact that excitatory actions of ATP on some of the tissues were also found, but this is no argument against the hypothesis that ATP is the inhibitory transmitter substance. For example, noradrenaline, acting on a-adrenoceptors, is well established as the transmitter substance released by sympathetic vasoconstrictor nerves, in spite of the fact that 8l-adrenoceptors mediating vasodilatation occur in the same tissues.
The inhibitory non-adrenergic nerves in the gut have been shown to cause hyperpolarization of the smooth muscle cell membranes in the taenia coli . It has already been shown that ATP causes hyperpolarization of taenia coli cells (Imai & Takeda, 1967; Axelsson & Holmberg, 1969) , so again there is a parallelism between the actions of ATP and the nerve released transmitter substance.
Not much weight can be placed on the similarities until it is possible to determine the muscle membrane reversal potential for the action of both ATP and the endogenous transmitter substance. However, smooth muscle cells are elecrically coupled to a variable degree and part or even all of the post-synaptic membrane potential change recorded in any one cell with intracellular microelectrodes during transmission may in fact be electrotonically propagated from other cells (Bennett & Merrillees, 1966; Bennett, 1967) . Under these conditions, it is not possible to make an accurate estimation of the equlibrium potential for the membrane under the influence of the transmitter substance. judging from the potency ratios observed on the guinea-pig taenia coli. Further breakdown by deamination to form inosine would decrease potency by more than 10,000 times. No evidence has been presented that the observed breakdown of ATP is due to enzymic activity, but the gut is known to contain both 5'-nucleotidase and adenosine deaminase (White, Handler & Smith, 1968) . It can therefore be concluded that this criterion for considering ATP as the inhibitory transmitter substance has been fulfilled.
The extensive breakdown of ATP could explain the fact that ATP itself does not form part of the increased efflux of purine compounds from stimulated organs. For instance, the adenosine and inosine recovered from perfused stomachs could well be breakdown products of ATP or some other purine nucleotide released from the nerves. The fact that AMP is released on stimulation of isolated Auerbach's plexus might lead one to believe that the transmitter substance is AMP itself, but it should be remembered that ATP is labile in solution and, if released, could well have broken down to AMP during the experiment.
Blockade of ATP. One line of experiments has apparently been successful in demonstrating that when the action of ATP is prevented, transmission from the nonadrenergic inhibitory nerves is also antagonized. The rabbit ileum shows tachyphylaxis to ATP and the induction of tachyphylaxis causes a consistent reduction of responses to stimulation of the non-adrenergic, but not of the adrenergic, inhibitory innervation. This evidence suggests strongly that the non-adrenergic inhibitory nerves act by releasing ATP. Evidence consistent with this hypothesis was obtained from experiments with quinidine. Quinidine, in m6derate concentrations, prevents the effects of applied noradrenaline. In high concentrations, quinidine antagonizes both the action of ATP and the response to non-adrenergic inhibitory nerve stimulation. Because of the lack of specificity, the effects of quinidine must be interpreted with caution. However, the fact remains that quinidine antagonized the nerve action as it would have to do if the nerves acted by releasing ATP.
It can be seen that, in broad outline, all five criteria for ATP as the transmitter substance released by the non-adrenergic nerves have been fulfilled. In the above discussion, for convenience, we have based the argument on the hypothesis that ATP is the non-adrenergic inhibitory substance. In fact the evidence presented would hold equally well for AMP, ADP and probably other purine nucleotides. There is no valid reason for choosing between these nucleotides, but we favour ATP and ADP in view of their high inhibitory potency.
